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The application is published incomplete as filed (Article 93 (2) EPC). The point In the description or the ciaim(s) at which the 
omission obviously occurs has been left blank. 

@ Automated system for adding multiple fluids to a single container. 

@ A transfer set for use in an automatic compounding device 
comprises a manifold (67) having a plurality of connector 
conduits (68) a plurality of inlet tubes (43) connected to 
respective connector conduits. The manifold opens into a 
measuring chamber (18) which leads to a single outlet tube 
(22). Each inlet tube (43) communicates with a respective 
source container (12) through a spike (40). The measuring 
chamber is suspended from a load cell, in use. A differential 
pressure source is connected through a pressure conduit (26) 
to one of the connector conduits (68) for effecting fluid flow 
from selected source containers into the chamber (18) and fluid 
flow from the chamber through to outlet tube. 
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Description 

AUTOMATED SYSTEM FOR ADDING MULTIPLE FLUIDS TO A SINGLE CONTAINER 



BACKGROUND OF THE INVENTION 5 

The invention generally relates to systems for 
transferring fluids from individual source containers 
to a receiving container, and more specifically 
relates to systems for transferring liquid drugs from 10 
individual vials, bottles, or bags to a single solution 
bag or bottle for administration to a patient 

In hospitals, it is frequently necessary to provide 
solutions for intravenous administration to a patient 
which contain a variety of drugs in a single solution 15 
container. A common example of such a need arises 
when a patient is receiving ail of his nutritional needs 
intravenously, in this situation, the patient will 
typically receive a basic solution containing amino 
acids, dextrose, and fat emulsions which provide a 20 
major portion of the patient's nutritional needs. 
However, this solution is insufficient to maintain a 
patient for an extended period of time. Therefore, a 
typical total parenteral solution includes as many as 
eight to twelve additional additives. The additives are 25 
typically minute quantities of vitamins, minerals, 
electrolytes, etc. Therefore, when a pharmacist is 
preparing a solution for total parenteral nutrition, it is 
necessary for the pharmacist to individually add 
each of the additional additives to a solution 30 
container after the base solutions have been added. 
This is typically done with individual syringes and 
requires a relatively long time on the part of a 
pharmacist to accurately add ail additives to each of 
the required additives. 35 

An automatic compounding device has been 
recently developed to assist the pharmacist In 
preparing solutions for total parenteral nutrition. This 
device is described in U.S. patents Nos. 4,467,844 
and 4,513,796 which are incorporated herein by 40 
reference. This device is used to assist the pharmac- 
ist in automatically compounding the base solution 
of amino acids, dextrose and fat emulsions. This 
system typically uses three or more peristaltic 
pumps to individually pump each of the base 45 
solutions from three or more separate source 
containers. Computer software also has been de- 
veloped and is currently being used to program in 
the amount of solution required for a series of 
individual patients. This program is designed to 50 
operate the automated compounding equipment 
described in each of the above patents. This 
program Is more fully described in U.S. Patent 
application No. 665,268 filed October 26, 1984 which 
is also incorporated herein in by reference. While 55 
this system has provided a tremendous advantage 
to the pharmacist, it is not useful for adding minute 
quantities of fluid additives to the receiving con- 
tainer. Therefore, a need exists for a device which 
can very accurately dispense very small quantities of 60 
fluids into a receiving container. 



SUMMARY OF THE INVENTION 

An object of the invention is to provide a device for 
dispensing very small quantities of fluids into a single 
receiving container. 

Another object of the invention is to provide 
software for controlling the device as described 
above. 

Another object of the invention is to provide a 
device which uses a single pump to dispense 
multiple fluids from multiple source containers into a 
single receiving container. 

Yet^anqther object of the invention is to provide a 
system for accurately controlling fluid flow in which 
fluids from multiple containers are transferred to an 
intermediate measuring chamber and then later 
automatically transferred to a receiving container. 

Yet another object of the invention is to provide a 
means for creating positive and negative pressures 
in the measuring chamber described above to 
control fluid flow into and out of the chamber. 

Another object of the invention is to provide an 
administration set for transferring fluids from 
multiple source containers to a measuring chamber, 
and then from the measuring chamber to a single 
receiving container. 

Another object of the invention is to provide a 
device which accurately records and maintains 
records of the transfer of multiple fluids into a single 
source container. 

And yet another object of the invention is to 
provide a means for periodically flushing the measur- 
ing chamber described above to rinse the chamber 
of any incompatible drugs. 

The invention can be briefly described as a device 
for accurately transferring multiple individual fluids 
from multiple source containers into a single 
receiving container. Fluid flows from the multiple 
source containers through individual fluid inlet 
conduits into a measuring chamber having a single 
fluid outlet conduit in fluid communication with the 
single receiving container. The chamber also has a 
pressure conduit. A first occlusion means for 
selectively preventing fluid flow from each of the 
individual fluid inlet conduits to the chamber is 
provided in accordance with the invention. A 
pressure means or differential pressure source for 
selectively creating positive and negative pressures 
in the chamber to control the rate of fluid flow 
through the chamber is also provided. In order to 
control fluid flow from the chamber to the receiving 
container, a second occlusion means for selectively 
occluding fluid flow from the chamber outlet fluid 
conduit to the receiving container is provided. 

Control means for controlling the first and second 
occlusion means and the pressure means Is pro- 
vided to perform various functions. For example, th 
control means causes the first occlusion means to 
allow fluid to flow through at least one of the 
individual fluid conduits while causing the second 
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occlusion means to prevent fluid flow Into the 
receiving contain r. The control means als simulta- 
neously causes the pressure means to create a 
negative pressure in the chamber to precisely 
control the amount and rate of fluid flow into the 
chamber. The control means further causes the first 
occlusion means to prev nt fluid flow though all of 
the individual fluid conduits after a predetermined 
amount of fluid has been delivered to the chamber. 
The control means then further causes the second 
occlusion means to allow fluid to flow from the 
receiving chamber through the outlet conduit while 
simultaneously causing the pressure means to 
create a positive pressure fn the chamber to force 
fluid from the chamber into the receiving container. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is a perspective view of the overall 
device; 

FIG. 2 is a plan view of a transfer set in 
accordance with the preferred embodiment of 
the subject invention; 25 

FIG. 3 (a) is a perspective view of a coupler 
used in the transfer set of FIG. 2; 

FIG. 3 (b) is a cross-sectional view of the 
coupler of FIG. 3(a) taken along the line 3(b) ; 

FIG. 4 is an exploded view of a pair of mating 30 
plates and its associated tubing as used in the 
transfer set of FIG. 2; 

FIGs. 5(a) and (b) are side and end views, 
respectively, of highly compliant tubing used in 
the set of FIG. 2; 35 

FIG. 6(a) is perspective view of a manifold of 
the transfer set of FIG. 2; 

FIG. 6(b) is a cross-sectional view of a 
manifold of the transfer set of FIG. 2; 

FIG. 7(a) is a perspective view of one 40 
embodiment of a chamber of the transfer set of 
FIG. 2; 

FIG. 7(b) is a cross-sectional view of a 
chamber of the transfer set of FIG. 2; 

FIG. 7(c) is a perspective view of one 45 
embodiment of a cap used with the chamber of 
the transfer set of FIG. 2; 

FIG. 8 is a partially exploded perspective view 
of the first occlusion means of the device ; 

FIG. 9 is another exploded perspective view 50 
of the first occlusion means of the device; 

FIG. 10 Is a perspective view of the pressure 
means for selectively creating positive and 
negative pressures in the chamber of FIGs. 7 
<a)-(c); 55 

FIG. 11 is a perspective view of the tubing 
used in the pressure means of FIG. 10 in 
conjunction with a peristaltic pump head and of 
an air venting means used in one embodiment 
of the Invention; 60 

FIG. 12 is a partially-broken away end view of 
a air relief valve of th pressure m ans f 
FIG. 10; 

FIG. 13 is a top view of the base plate of th 
housing in the preferred embodiment of the 65 



invention; 

FIG. 14 is a side view f th bas plate of 
FIG. 13; 

FIG. 15 is a perspective view of the second 
occlusion means of the d vie ; 

FIG. 16 is a partially exploded view of the 
mechanical design of th load cell assembly in 
the preferred mbodiment of th inv ntion; 

FIG. 17 is a perspective view of the housing 
covering the load cell of FIG. 16; 

FIG. 18 is a side view of an individual source 
container hanger; 

FIG. 19 is a rear view of the hanger of FIG. 18 
without a source container; 

FIG. 20 is a cross-sectional view of a spring 
mechanism used in the preferred embodiment 
of the invention; 

FIG. 21 is an exploded perspective view of 
the spring mechanism of FIG. 20; 

FIG. 22 is an illustration of a keyboard entry 
device; 

FIG. 23 Is a simplified block diagram of a pair 
of microprocessors used in the preferred 
embodiment of the invention ; 

FIG. 24 is a flow chart of a "power-up" routine 
of the preferred embodiment of the invention; 

FIG. 25 is a flow chart Illustrating the 
keyboard entry mode program; 

FIG. 26 illustrates a display panel for dis- 
playing specific gravity and volumetric informa- 
tion for each source container; 

FIG. 27 illustrates a display panel for dis- 
playing status information during operation of 
the device; 

FIG. 28 is a flow chart illustrating a "pump 
control" routine of the referred embodiment of 
the invention; 

FIG. 29 is a flow chart illustrating a the 
"keyboard monitoring routine* of the preferred 
embodiment of the subject invention; 

FIG. 30 is a flow chart illustrating a "pump 
monitoring" routine of the preferred embodi- 
ment of the invention; 

FIG. 31 is a flow chart illustrating a "com- 
plete" routine of the preferred embodiment of 
the invention; 

FIG. 32 is a flow chart illustrating a "hold" 
routine used by a pumping microprocessor in 
the preferred embodiment of the invention; 

FIG. 33 Is a block diagram of the electronics 
of a load-cell amplifier and A/D convertor of the 
preferred embodiment of the invention; 

FIG. 34 is a flow chart illustrating a "pumping" 
routine used by a pumping microprocessor in 
the preferred embodiment of the invention; 

FIG. 35 is a flow chart illustrating a "fill" 
routine performed by the pumping micropro- 
cessor in the preferred embodiment of the 
invention; 

FIG. 36 is a flow chart illustrating a "drain" 
routine performed by the pumping micropro- 
cessor in the preferred embodiment of th 
invention; 

FIG. 37 is a flow chart illustrating a "rinse" 
routine performed by the pumping micropro- 
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cessor in the preferred embodiment of the 
invention; 

FIG. 38 is a fl w chart illustrating a "pumping 
control" routine for the master microprocessor; 
and 

FIG. 39 is a flow chart illustrating a "master 
control" routine for the master microprocessor. 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 



Description of the Mechanical Features of the 15 
Device 



A. Overview 

In accordance with the invention, a device 10 20 
(FIG. 1) is provided for accurately transferring 
individual doses of separate fluids from individ- 
ual source containers 12. Each Individual 
source container may contain a different fluid 
14. In some cases, the fluid in one container 25 
may be incompatible with fluids contained in 
other source containers. According to the 
invention, fluid is transferred from each source 
container 12 through a separate individual fluid 
conduit 16 to a single chamber 1 8. The chamber 30 
18 is suspended from a load cell 20. The load 
ceil 20 constantly weighs the total weight of the 
chamber to develop an output signal which is 
indicative of the amount of fluid in the chamber 
1 8 at any given time. 35 

The chamber 18 is provided with a single 
chamber fluid outlet conduit 22 which is in fluid 
communication with a single receiving con- 
tainer 24. In accordance with the preferred 
embodiment of the invention, the receiving 40 
container 24 may have been previously partially 
filled with a base solution 25 typically consisting 
of amino acids, dextrose, and fat emulsions. 
However, it is not required that the receiving 
container contain any fluid prior to operation of 45 
the device. 

The chamber 18 also includes a pressure 
conduit 26 which is in contact with a pressure 
means. In the preferred embodiment of the 
invention, the pressure means is a single SO 
peristaltic pump which will be discussed in 
greater detail below. The purpose of the 
pressure means is to selectively create positive 
and* negative pressures in the chamber 18 
during operation of the device to control the 55 
rate of fluid flow into and out of the chamber. 

The device is further provided with a first 
occlusion means 28 which will also be dis- 
cussed in greater detail below. The purpose of 
the first occlusion means is to selectively 60 
prevent fluid flow from each of the individual 
fluid conduits 16 from entering the chamber 18 
in the absence of a command fr mac ntrol 
means 32. During operation of the devic in th 
preferr d mode of the invention, the first 65 



occlusion means 28 will only allow fluid to flow 
from on source container 12 to the chamb r18 
at a time. In this mann r, it is possible to v ry 
accurat ly monitor the amount of fluid flowing 
from each container into the chamb r through 
the use of load cell 20. 

The devic further includes a second occlu- 
sion means 30 for selectively occluding fluid 
flow from the chamber outlet fluid conduit 22 to 
the receiving container 24. In the preferred 
embodiment of the invention, the second 
occlusion means 30 is a solenoid occluder. This 
occluder will be discussed in greater detail 
below. 

The device is controlled by a control means 
32 which controls the first and second occlu- 
ston means as well as the pressure means. The 
cbntrol means causes the first occlusion means 
to allow fluid flow through at least one of the 
individual fluid conduits 16 while causing the 
second occlusion means 30 to prevent fluid flow 
from the chamber 18 into the receiving con- 
tainer. The control means enhances fluid flow 
into the chamber 18 by creating a negative 
pressure in the chamber, thereby drawing fluid 
from the source container 12 through the 
individual conduit fine 16 into the chamber. After 
the load cell 20 has sensed that the appropriate 
amount of fluid has entered the chamber 18 
from a particular source container 12, th 
control means causes the first occlusion means 
28 to prevent further fluid flow from that source 
container. At this point, the control means 32 
may then either cause the first occlusion means 
28 to allow fluid to flow from another source 
container into the chamber, or cause the 
second occlusion means 30 open to allow fluid 
to flow from the chamber 18 into the receiving 
container 24. 

The control means may allow a second fluid 
to flow into the chamber when a first fluid is still 
present in the chamber if the first and second 
fluids are compatible with each other and there 
is sufficient empty space remaining in the 
chamber to receive the entire amount of the 
second fluid to be dispensed. The control 
means will not allow a second fluid to enter the 
chamber when a first fluid is still present if the 
two fluids are incompatible with each other, or if 
insufficient room exists in the chamber. 

The control means 32 enhances fluid flow 
from the chamber 18 into the receiving con- 
tainer 24 by causing the pressure means to 
generate a positive pressure in pressure con- 
duit 26 which Is in fluid communication with the 
chamber 18. This causes a positive pressure in 
the chamber so that when the second occlusion 
means 30 is opened to allow fluid to flow from 
the chamber to the receiving container 24, the 
positive pressure will force the fluid out of the 
chamber and into the receiving container 24. 
This greatly reduces fluid retention in the 
chamber 18. 
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B. Transfer Set 

Referring now to FIG. 2, a transfer set 34 is 
described in greater detail. The purpose of the 
transfer set is t transfer fluids from each of the 
individual c ntainers 12 into the receiving 5 
container 24. As can be seen in FIG. 2, th 
transfer set 34 includes a plurality of individual 
fluid conduits 16. Each of the individual fluid 
conduits is formed of a flexible piece of tubing. 
Various materials can be used to make the 10 
flexible conduits such as polyvinylchloride 
(PVC) or polyethylene tubing. Polyethylene 
tubing may be desired when the device Is used 
with drugs that are incompatible with PVC. A 
proximal end of each of the individual conduits 15 
16 is mounted in a tray 38. The purpose of the 
tray is to maintain each conduit 16 in a 
spaced-apart relationship from the other con- 
duits and to keep the tubes organized when the 
transfer set is being mounted onto the device 20 
10. In the preferred embodiment, the tray is a 
vacuum-formed plastic tray made of PVC or 
glyrol-modified polyethylene teraphthalate 
(PETG). 

In the preferred embodiment of the invention, 25 
the tray is specifically designed so that the 
distal end 39 of each fluid conduit 16 is 
positioned adjacent to the particular source 
container 12 to which the distal end 39 of the 
conduit 16 is to be connected. Referring again 30 
to RG. 1, the individual conduit 16 exits tray 38 
in such a manner that half of the individual 
conduits 16 are directed to one side of the 
device 10, while the other half of the individual 
conduits are directed downwardly to the other 35 
side of the device. Since the source containers 
in the preferred embodiment are disposed 
along both sides of the device 10, this greatly 
assists the pharmacist in insuring that the 
appropriate individual conduit 16 is connected 40 
to its respective container 12 when the transfer 
set is placed in the device 10. 

In one embodiment of the invention, each of 
the Individual conduits may be color-coded with 
a stripe or other type of coding on the tubing to 45 
indicate the identify of a particular tube. In the 
preferred embodiment, each tube contains a 
vented spike 40 at the distal end. This spike 40 
is used to provide fluid communication between 
the distal end of the tubing 16 and an individual 50 
container 12. The purpose of providing a vented 
spike 40 is to allow air to vent into the source 
container 12 as the fluid is being dispensed 
from the source container when the source 
container is a rigid, nonvented vial. It is currently 55 
envisioned that the source containers will be 
formed of either glass or plastic vials, bottles, or 
bags. However, if flexible containers are used 
as the source containers, or if the vials are 
vented rigid vials, it is not necessary to provide 60 
venting in the spike. 

Referring one again to FIG. 2, th tray 38 
contains a coupler 42. The proximal end 41 of 
each fluid conduit 16 is attached to one side of 
the coupler. Individual tubes 43 which are highly 65 



compliant ar attached to the ther sid of the 
coupler. The coupler is illustrated in greater 
detail in FIGS. 3 (a) and (b). As can be seen in 
the figures, the coupler 42 includes a wall 44 
which contains a first s ries of coupling con- 
duits 46 extending fr m one side there f and a 
s cond series of coupling conduits 48 extend- 
ing from the oth r side of the wall 44. Each of 
the first and second coupling conduits in the 
series is in fluid communication with one 
another so that when the distal end of each one 
of the conduits 16 is fixed in fluid communica- 
tion with one of the first series of conduits 46, 
and a proximal end of one of the highly 
compliant individual tubes 43 is attached to on 
of the second series of conduits 48, fluid 
communication is produced between conduit 
16 and its respective highly compliant individual 
tube 43. While other methods of producing fluid 
communication between conduits 16 and indi- 
vidual tubes 43 may be used in accordance with 
the invention, the coupler illustrated in FIGS. 3 
(a) and (b) represents one system for attaching 
the two portions of tubing to one another while 
maintaining the tubes in a highly organized 
manner. 

Referring once again to FIG. 2, as can be 
seen in this figure, the tray 38 includes a first 
series of finger-like projections 50 which main- 
tain the compliant tubes in a spaced-apart 
relationship from one another immediately adja- 
cent the coupler 42. The compliant tubes 43 are 
then positioned in the tray such that they pass 
between an open section or window 52 in the 
tray. When the tray is mounted in the device 10, 
the open section is in direct contact with the 
first occluder means 28 to provide appropriate 
occlusion of the compliant tubes 43, as will be 
discussed in greater detail below. 

As can be seen in FIG. 2, the individual tubes 
43 then pass through a second series of 
finger-like projections 54 downstream from the 
window. The second series of finger-like projec- 
tions also maintains the tubing in the appropri- 
ate position to ensure that occlusion of the 
appropriate tube occurs. As will be obvious to 
one skilled in the art based on the teachings 
herein, it is possible to provide a variety of 
systems for maintaining the tubing in the 
appropriate position. 

One end of the tray 38 is provided with a 
mounting means or elbow 56 for maintaining the 
individual tubes 43 as the tubes exit the tray. 
The mounting means is specifically designed to 
position the tubes in an upwardly extending 
position to reduce mechanical stress effects on 
the tubes on the chamber 18. In other words, it 
is important that the tubes 64 do not create a 
variable force on the chamber 18 which would 
erroneously effect load-cell readings during 
operation of the device. This aspect of the 
invention will be discussed in great r detail 
below. 

The mounting means 56 is mor clearly 
described in FIG. 4. As can be se n in FIG. 4, 
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th mounting means 56 in the preferred em- 
bodiment consists of a pair of mating plates 58 
and 60. Each of the plates contain parallel 
grooves to r ceive ach of the individual tubes. 
One of the purposes of the grooves is to space 5 
the tubes more closely to one anoth r and to 
dir ct the tubes in the upward position as 
described above. In the pr ferred mbodiment 
of the invention, the individual tubes 43 can be 
extruded as a single piece as illustrated in 10 
FIGs 5 (a) and (b). As can be seen in RS. 5 (a) 
and (b), all of the tubes 43 can be formed as a 
unitary piece with relatively thin connecting 
portions 62 connecting each tube to its adja- 
cent tubes. After manufacture of the tubes 15 
using this technique, a first section 64 (FIG. 2) 
of the tubes can be maintained as a unitary 
piece, while a second section 66 of the tubes 
can be individually split to form the individual 
tubes which are mounted between the coupling 20 
means 42 and the mating plates 56 so that they 
pass through window 52. 

As can be seen in FIG. 2, one end of the 
individual tubes 43 Is connected to a manifold 
67 in the upper portion of chamber 18. The 25 
manifoid is described in more detail in RGS. 6 
(a) and (b). As can be seen in FIG. 6(a), the 
manifold includes a series of connector con- 
duits 68 to which one end of each of the 
individual tubes 43 can be attached to provide 30 
fluid communication between the individual fluid 
tubes and the chamber when the manifold is 
connected to the chamber. The manifold has 
individual, spaced-apart, drop-former struc- 
tures for each line for discouraging accumula- 35 
tion of droplets on the manifold. This prevents 
possible mixing of incompatible solutions due 
to droplets hanging on the manifold. This also 
prevents weighting of materials that were not 
actually transferred into the container. 40 

The manifold 67 can be disconnected from 
the chamber in the preferred embodiment of 
the invention. This feature of the invention 
allows the user of the device to change 
chambers 18 after each patient without chang- 45 
ing the rest of the tubing in the transfer set 
While it is not currently envisioned that it will be 
necessary to change the chamber after prepar- 
ing a solution for each individual patient, it may 
occasionally be desirable to use a new chamber 50 
whenever a highly incompatible drug or a highly 
toxic drug has been dispensed using this 
device. As can be seen in FIG. 6(b), the 
mechanism by which the manifold is reieasabry 
engaged with the chamber includes a pair of 55 
latches 70. Each latch can be flexed to release 
the manifold 67 from a locking groove 72 in the 
top or cap 74 of the chamber 18, as illustrated in 
FIG. 7 (c). In the preferred embodiment of the 
invention, the latch consists of an arm 76 which 60 
is mounted on a frame 78 of the manifold. A 
flexible connecting portion 80 maintains the arm 
76 in a parallel relationship t a portion of the 
frame 78 of th manifold. The latch 70 can b 
flex d so that the arm 76 and the fram 78 are 65 



no longer parallel with on another to release 
the manifold from the cap 74 of the chamber. 

In order to provide a temporary s al betw en 
the manifold and the chamber cap 74, in the 
preferred embodiment of the invention, an 
O-ring 82 is provided around a groove 84 in the 
manifold. Typically, th O-ring is formed of 
silicone rubber or neoprine, however, ther 
materials may be us d. The O-ring provides an 
air-tight seal betwen the manifoid and the cap 
during engagement of the manifold to the cap of 
the chamber. 

C. Chamber 

The chamber of the preferred embodiment is 
more clearly described in FIGS. 7(a), (b) and 
(c). As can be seen in FIG. 7(a), the chamber 18 
has a generally rectangular cross-sectional area 
in the preferred embodiment. The purpose 
providing a rectangular area for the chamber is 
to allow the body of the chamber to be placed 
as close as possible to the device 10 when the 
transfer set 34 is loaded in the device. The 
chamber is also designed to have downwardly 
sloping walls 80 from the top of the chamber to 
the outlet conduit 22. This also helps absorb 
impact on the load cell from the acceleration of 
the solution due to gravity. The effective height 
for acceleration is reduced by the funnel shape. 
This also reduces splashing which means less 
need for a rinse cycle. This is to enhance fluid 
flow from the chamber through the outlet 
conduit 22. As will be readily apparent to one 
skilled in the art, it is possible to design 
chambers having other shapes. 

The key features of the chamber are the fact 
that a pressure line 26 (FIG. 1.) is in communi- 
cation with an upper portion of the chamber and 
that a manifold 67 delivers individual fluids from 
each of the individual fluid lines into the 
chamber through a separate fluid path. This 
means that any mixing of the fluids does not 
occur until the fluid enters the chamber. As 
discussed above, it is possible to prevent 
mixing of fluids in the chamber if desired by 
emptying the chamber after each individual fluid 
has entered the chamber. 

D. Outlet Conduit 

An outlet conduit 22 is in fluid communication 
with the lowermost portion of the chamber in 
the preferred embodiment of the invention. 
Referring again to FIG. 1, the secondary 
occlusion means 30 is provided in the preferred 
embodiment of the invention to prevent fluid 
flow from the chamber as the chamber is being 
filled. The secondary occlusion means 30 is 
described in greater detail in FIG. 15 which Is an 
isometric view of the preferred embodfrnent of 
the invention. As can be seen in the figure, the 
outlet conduit 22 is provided with a registering 
means such as a tab 82 which fits in a tab 
receiver in th body 84 of th secondary 
occlusion means. Th outl t conduit has a 
circular orientation in the preferred embodi- 
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ment to reduce mechanical stress effects in an 
upward fashion on the chamber. 

Inth preferred mbodiment of the inv ntion, 
the secondary occlusion means is an energiz- 
able solenoid 86 with a rod 88 moveable from an 5 
extended position t a withdrawn position in 
which in the withdrawn position, the rod does 
not contact the chamber fluid outlet conduit 22. 
In the extended position, the rod contacts the 
conduit 22 to prevent fluid flow through the 10 
conduit. In the preferred embodiment of the 
invention, when the solenoid is not energized, 
the rod is in the extended position to occlude 
fluid flow. Thus, flow from the chamber will 
always be occluded when the device is opera- 15 
ting unless the control means 32 energizes the 
solenoid 86 to retract the rod 88. 

C. First Occlusion Means 

Referring now to FIG. 9, when the transfer set 20 
34 is positioned in the device, the tray of the set 
38 is positioned so that the window 52 is 
positioned adjacent to the first occlusion 
means 28. Each of the individual fluid conduits 
16 adjacent to the window 52 is positioned 25 
adjacent to multiple individual occluding arms 
90 in the first occlusion means. 

The operation of the first occlusion means is 
more clearly described in FIG. 8. As can be seen 
in the figure, the occlusion means includes a 30 
frame 92 for receiving a portion of each of the 
individual fluid conduits (not shown). As dis- 
cussed above, each of the individual fluid 
conduits are positioned in a spaced-apart 
parallel relationship with one another In the 35 
frame. Multiple occluder arms 90 are pivotably 
mounted in the frame. Each of the arms is 
pivotable from a first to a second position in 
which when each ami is in the first position, 
fluid flow through its respective individual fluid 40 
conduit 16 is totally occluded. When the arm 90 
is in the second position, fluid flow through its 
respective conduit is allowed. The first occluder 
means 28 is provided with a multiple individual 
biasing means for biasing each one of the arms 45 
in the first position. In the preferred embodi- 
ment of the invention, the individual biasing 
means consists of a spring 94 positioned at a 
first end 96 of each of the arms 90 to cause a 
second end 98 of each of the arms to be forced 50 
toward the individual conduits 16 to cause 
occlusion of the conduits. More specifically, 
each spring 94 is positioned between the first 
end of the arm 96 and a portion of the frame 92 
to cause occlusion of the individual conduits. 55 

The first occluding means 28 is also provided 
with a first drive means 100 for overcoming the 
individual biasing means 94 to force at least one 
of the arms 90 into the second position in 
response to a command from the control 60 
means 32. In the preferred embodiment of the 
inventi n, th first drive means includ s a drive 
screw 102 mounted in the frame in a traverse 
position with respect to the individual fluid 
conduits 16. A carriag 104 is provided on the 65 



driv screw. Inth preferr dembodim nt fth 
invention, a motor 105 is provided to rotate th 
drive screw in response to a command from the 
control means 32. The carriage is moveable 
along the drive screw so that the carriage can 
b positioned imm diat ly below each of th 
individual occluder arms 90. A bias ov rooming 
means 106 is mount d on the carriag 104 
between the carriage and the individual oc- 
cluder arms for overcoming only one of the 
individual bias means, or springs, 90 when the 
bias overcoming means 106 is immediately 
below one of the individual occluder arms 90. In 
the preferred embodiment of the invention, th 
bias overcoming means 106 is a single solenoid 
108 which includes a rod 110 moveable from a 
withdrawn position to an extended position. In 
the withdrawn position, the rod does not 
contact an adjacent occluder arm 90. In the 
extended position, the rod forces an adjacent 
occluder arm 90 from the first to the second 
position to cause the second end 98 of the 
occluder arm 90 to retract from its associated 
individual conduit 16. This allows fluid to flow 
through the individual conduit. In the preferred 
embodiment of the invention, the rod 1 10 has a 
width that is less than the distance between the 
spaced apart portions of the individual occlud- 
ing arms so that only one of the occluding arms 
may be contacted at a time. This provides a 
fail-safe means for insuring that fluid is allowed 
to flow through only one individual fluid conduit 
at a time. 

In the preferred embodiment of the invention 
the frame 92 (FIG. 9) of the first occlusion 
means 28 includes an occluding surface 112 
and a hinged door 1 14. The hinged door can be 
open to receive the window portion 52 of th 
transverse set 34. The occluding surface 112 
includes an aperture 116 to receive a portion of 
the second end 98 of each of the individual 
occluding arms 90. The aperture is covered with 
a resilient material 118 in the preferred embodi- 
ment of the invention to limit the possibility of 
fluid leakage into the drive means 100 of the first 
occluder means 28. This resilient material 112 
may be formed of silicone in the preferred 
embodiment. 

In one embodiment of the invention, th 
frame 28 may include a sensing means for 
detecting the position of each of the individual 
fluid conduits 16 in the frame and for determin- 
ing whether the individual fluid conduits are 
occluded by the arms. This sensing means may 
include a series of spring-loaded switches in 
the door 114 of the frame. Typically, these 
switches may be two-position switches which 
would detect the presence of an occlusion 
force on each of the individual fluid conduits 
when the door 114 is closed over the conduits. 
If a conduit is not present in its appropriat 4 ^ 
position, or if an cclusion arm is not properly 
biased to include its respectiv c nduit, a 
relatively low force would be d tected by the 
two-position sensors indicating a possibl 
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malfunction of the device. 

In one embodiment of th invention, the tray 
of the transfer set and th frame of the first 
occluder ar provided with a mating means to 
ensur proper placement of the tray in the 5 
frame of th first occlud r. In the pref rred 
mbodiment of the invention, as seen in FIG. 9, 
the mating means consists of a pair of out- 
wardly extending pegs 120 in th occluding 
surface 112 of the frame, and a corresponding 10 
pair of apertures 122 in the tray of the transfer 
set. Thus, when an operator places the tray of 
the transfer set into the frame of the occluder, 
the apertures 22 must be positioned over the 
pegs 1 12 in order for the door 1 14 of the frame 15 
to close. This is one mechanism by which the 
position of the individual fluid conduit lines 16 is 
checked for proper location. 

F. Pressure Means 20 

As discussed above, a pressure means 124 
(FIG. 10) is provided for selectively creating 
positive and negative pressures in the chamber 
18 to control the rate of fluid flow through the 
chamber. The pressure means is in fluid 25 
communication with a second end 126 of the 
pressure conduit 26. In the preferred embodi- 
ment of the invention, the pressure conduit 26 
is simply a conduit line 128 of the transfer set 34 
as illustrated in FIG. 2 This conduit line 128, 30 
unlike the other individual conduit lines 16, is 
not connected to an individual source con- 
tainer. Instead, the conduit line 128 is provided 
with a filter means 130 for filtering air entering 
the conduit line 128 and is connected to a 35 
pump. 

In the preferred embodiment of the invention, 
the fitter means is a 0.22 micron filter 130. A 0.22 
micron filter is used in the preferred embodi- 
ment to provide a bacterial barrier between the 40 
chamber and the environment. The filter 130 
includes a coupling device for coupling the air 
line 128 to a connector 132 in the pressure 
means as illustrated in FIG. 11. A flexible tubing 
134 having a first end 136 open to the 45 
environment is positioned adjacent to a peri- 
staltic pump 138. In one embodiment of the 
invention, it may be desired to place a filter for ■ 
filtering out large particles in the air before the 
air enters the first end 136 of the flexible tubing. 50 
The filter may be in the form of a porous plug 
154 capable of filtering particles that are greater 
than 0.22 microns. 

The peristaltic pump can rotate in either 
direction to either pull air from the environment 55 
into the first end of the flexible tubing, or to 
force air that is in the tubing out of the tubing. In 
the preferred embodiment of the invention as 
seen in FIG. 11(a), the tubing 134 can consist of 
a first portion 140 and a second portion 142. The 60 
first and second portions can be connected to 
each other with a quick-disconnect coupler 144. 
In th pr f rred embodiment of the invention, 
the first portion of tubing is a highly compliant 
tub formed of silicon r other material t 65 



incr as the accuracy of the pump in terms 
controlling pr cise amounts of air flow through 
the tubing with a minimum amount of force from 
the peristaltic pump. The first and second 
portions of the tubing are connected to each 
other with a quick-disconnect devic to allow 
the first portion to be replaced if it becomes 
worn from usag . 

In one embodiment of the inv ntion, the 
second portion of tubing 142 may include a 
Y-site 146 or other junction. One leg of the 
junction 146 may be connected to an air vent 
means 148 to provide a rapid return of air 
pressure in the iine 142 to atmospheric press- 
ure. This is very useful, for example, when it is 
desired to change the pressure in the chamber 
18 from a negative to a positive pressure to 
empty fluid in the chamber into the receiving 
container 24. In the preferred embodiment of 
the invention, the air vent means 148 consists of 
a conduit 150 having one end open to the 
environment. A solenoid valve 152 is attached 
to the end open to the environment to selec- 
tively open and close conduit 150 in response to 
signals from the control means as wOl be 
discussed more fully below. This feature Is more 
clearly illustrated in FIG. 1 2. 

In the preferred embodiment of the invention, 
the flexible tubing 134 is connected to the 
pressure conduit 26 with a luer connection 
device. Other methods of connecting the 
flexible tubing 134 to the pressure conduit 
would be obvious to those skilled in the art 
based on the teachings herein. 

In one embodiment of the invention, the 
device 10 may include first and second hous- 
ings. A first housing 155 (FIG. 13) may house 
the control means, while a second housing 157 
(FIG. 14) may house the pumping means of the 
first occluder and its associated tubing. The 
second housing may be readily removed in the 
preferred embodiment of the invention to 
replace the first portion 140 of tubing as 
required. 

G. Load Cell 

The device 10 also includes a sensing means 
20 for sensing the amount of fluid in th 
chamber 18 during operation of the device and 
for generating weight signals relating to the 
amount of fluid in the chamber. In the preferred 
embodiment of the invention, the sensing 
means consists of a load cell in contact with the 
chamber. The details of the mechanical features 
of the load cell are more clearly illustrated in 
FIGS. 16 and 17 Referring now to FIG. 16, a 
load cell 156 is connected to a chamber support 
158. The chamber support 158 receives the 
chamber 18. The toad cell 156 senses the 
weight of the chamber and generates weight 
signals which are indicative of the amount of 
fluid in the chamber. The electronics of the load 
cell are discussed in greater detail below in 
conjunction with a discussion f the control 
means. These signals pass through line 160 to 
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th control means. 

In the preferred embodiment of the invention, 
th load cell 156 is enclosed is a housing 162 as 
illustrated in FIG. 17. As can be s en in FIG. 17, 
the chamber support means 158 extends 5 
outside of the load cell housing. A chamber 
housing 164 is also provided in th pr f rred 
embodiment f the invention t protect the 
chamber and the load ceil from variations in 
load cell readings due to laminar air flow 10 
present around the device 10. the chamber 
housing 164 also prevents unnecessary touch 
interference with the chamber. The chamber 
housing consists of a lower portion 166 which is 
mounted on the load cell housing 162. The 15 
lower portion 166 may be removed periodically 
to wash the housing. However, it is not 
necessary to remove the lower portion of the 
housing to insert a chamber 18 into the 
chamber support means 1 58. The upper portion 20 
164 of the chamber housing in the preferred 
embodiment is a hinged lid which is attached to 
the first housing of the device 10. 

H. Hanger System 25 

In the preferred embodiment of the invention, 
each of the individual source containers 12 is 
maintained in position by a unique hanger 
system 168. The hanger system includes a pair 
of hooks 170 and 172 as can be seen in FIG. 19. 30 
These hooks are maintained in *a parallel, 
spaced-apart relationship with one another to 
provide a means for holding each source 
container 12 in an inverted position. Each of the 
hooks generally includes a first vertically ex- 35 
tending portion 174 (FIG. 18) and a second 
generally perpendicularly extending portion 176 
which extends from the lower end of the 
vertically extending portion. Each pair of hooks 
170 and 172 is maintained in a spaced-apart 40 
relationship with one another through the use of 
a spacer bar 178 and an adjustable spring 
means 180. The spring means 180 can be 
moved vertically along the first vertical portion 
174 of the hooks to provide a downward 45 
pressure on each individual source container 
12. Since various source containers may have 
greatly different sizes, the spring means 180 
provides a method of adjusting to the various 
sizes of the source containers while providing a 50 
consistent pressure on each container to 
immobilize each source container 12 during 
operation of the device. As can be seen in 
FIGS. 20 and 21, each spring means includes a 
spring hook 182. Each spring hook includes a 55 
first generally semicircular portion 184 which 
contacts the base of a source container 12 
when the source container is in the inverted 
position on hooks 170 and 172. The spring hook 
182 also includes a second generally rigid arm 60 
186 which extends between the semicircular 
portion 184 and a torsion device 188. Th 
torsion device is enclosed in a housing 190 
which is situated between the vertical portion 
174 of each pair of hooks 170 and 172 (FIG. 19). 65 



Referring now to FIG. 21, the torsion means 
includes a torsion spring 192. The torsion spring 
is mount d on a shaft 194. The shaft is then 
connected to a shaft end cap 196 and main- 
tained in a fixed relationship to the shaft end 
cap with a pin 198. Th assembled spring, shaft 
and shaft end cap are then inserted through a 
cylindrical housing 200. The housing includ s a 
keyway means 202 to receive one end 204 of the 
spring 192. The assembly is maintained in th 
housing through the use of a first and second 
retainer bushings 206 and 208. One retainer 
bushing 206 also includes a keyway 210 for 
receiving a second end 212 of the spring 192. 
Shaft 194 is integrally connected to a second 
shaft end cap 214. Both shaft and cap 214 and 
196 include apertures 216 and 218 for receiving 
a first vertical portion 174 of each of a pair of 
hooks 170 and 172. Prior to placing the 
assembly illustrated in FIG. 1 over a pair of 
hooks, at least one of the retainer bushings 206 
and 208 will be rotated with respect to the other 
retainer bushing at least 180 degrees to create 
a tension on spring 192. The keyways 202 and 
210 in conjuction with spring 192 create a 
constant downward pressure on the spring 
hook 182 after the assembly illustrated in 
FIG. 21 is mounted on a pair of hooks 170 and 
172. A key feature of the device illustrated In 
FIGS. 18-21 is that the assembly illustrated in 
FIG. 21 is slidabty engaged with the vertical 
portions of each pair of hooks to adjust to 
source containers of varying sizes. After th 
assembly illustrated in RG. 21 has been 
mounted on a pair of hooks in the appropriate 
position, a locking knob 220 can be used to lock 
the assembly in a fixed position over a source 
container. 



OPERATION OF THE DEVICE 



A. Overview 

The operation of the device 10 is described in 
greater detail in the following description. Aft r 
a transfer set has been installed in the device, 
the operator is then ready to program the 
device to indicate the amount and type of each 
fluid to be transferred from each of th 
individual source containers into the receiving 
container. Information can be input into the 
device from one of two sources. One source of 
entering information into the device is a key- 
board entry device, illustrated in FIG. 22. 
Another method of entering information into the 
device is through a computer terminal. The 
method of entering information into the devic 
using the keyboard display will be described 
more fully below. As will be apparent to one 
skilled in the art based on the description given 
below, a very similar system would be used to 
input information into the device using a 
personal computer. 
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B. Power Up-Master Microprocessor 

When the device is turned on, a system of 
internal checks is automatically performed by 
the control means 32. In th preferred mbodi- 
ment of the invention, two microproc ssors ar 5 
used in the control m ans 32. While a variety of 
microproc ssors can be used, in on mbodi- 
ment of the invention, an Intel 8031 micropro- 
cessor can be used for both of the micropro- 
cessors. One microprocessor serves as a 10 
master microprocessor and another micropro- 
cessor serves as a pumping control micropro- 
cessor. A simplified block diagram of a typical 
microprocessor is illustrated in FIG. 23. As can 
be seen in this figure, a typical microprocessor 15 
includes an internal random access memory 
222 and a plurality of in/out (I/O) ports 224. The 
microprocessors include a variety of hardward 
registers which can be programmed to perform 
special functions. In the preferred embodi- 20 
ments of the subject invention, the special 
function hardware registers 226 may include 
serial interface registers 228, timer/counters 
230, and a stack pointer 232. Each of these 
aspects of the microprocessor as used In the 25 
preferred embodiment of the subject invention 
will be discussed in greater detail below. In 
addition, to the internal features of a typical 
microprocessor as briefly described above, 
additional external hardware is present in a 30 
typical microprocessor control device. For 
example, an external RAM 234, external in/out 
ports 236, and a programmable memory (ROM) 
238 are required to allow a microprocessor to 
perform the desired functions in accordance 35 
with the invention. 

During power up of the device, various 
diagnostics and other checks are performed 
simultaneously. These diagnostics are illus- 
trated in the block diagram of FIG. 24. The 40 
diagnostics include: testing the internal RAM 
222 of each microprocessor as shown by block 
240; testing an external RAM 234 of each 
microprocessor as shown by block 242; initia- 
lizing Internal and external RAMs 222,234 as 45 
shown by block 244; initializing all in/out ports 
224 as shown by block 246; initializing special 
function hardware 226 located within the micro- 
processor (i.e. dedicate certain ports 228 for 
communication purposes, Initializing the timer/ 50 
counter 230 of each microprocessor, initializing 
the stack pointer for keeping track of program 
routines). 

C. Keyboard Programming Mode 55 
In the preferred embodiment of the subject 

invention, after initialization procedures and 
diagnostics are performed, the control device 
32 automatically defaults to a keyboard pro- 
gramming mode. The keyboard programming 60 
mode is the mode in which an operator can 
input information into the device to cause the 
device to transf r specific amounts of fluid from 
sp cific individual source containers into the 
receiving container. FIG. 22 illustrat s a display 65 



panel for for the keyboard entry devic used in 
thepreferr d mbodim ntofthesubj ctinv n- 
tion and FIG. 26 illustrates a display panel for 
displaying volumetric and specific gravity infor- 
mation for each sourc container. The display 
panel displays the specific gravity as pro- 
gramm d by an operator for a particular source 
contain r as illustrated by LCD display panel 
250. Th volume of fluid to b transferr d from a 
specific source container to the receiving 
container as programmed by an operator is 
illustrated by another LCD display panel 252. 
Each individual source container has separate 
LCD display panels 250 and 252 for displaying 
the specific gravity and volumetric information 
for each source container. 

FIG. 27 is an illustration of a display panel for 
displaying the status of the device during 
operation. Each of the displays illustrated in this 
figure will be discussed briefly here, and will be 
discussed in greater detail below with respect 
to actual operation of the device. Display panel 
254 displays a patient I.D. number which is 
specific to each individual patient. This patient 
I.D. number can be entered into the device 
either through the keyboard entry device or a 
computer terminal. A unique identification num- 
ber for each receiving container can be dis- 
played in the bag I.D. display panel designated 
in 256 in FIG. 27. The "total delivered" display 
258 can be used to display various types of 
information. For instance, during a keyboard 
programming mode, the "total delivered" dis- 
play displays in grams the weight as sensed by 
the load cell 20. While the device is actually 
pumping, the "total delivered" display will 
display the volume in milliliters of any fluid 
transferred from the individual source contai- 
ners. The circular "g" display 260 adjacent the 
"total delivered" display 258 will be lit during the 
keyboard entry mode to indicate that the 
information displayed in the "total delivered" 
display is in grams. Similarly, the "ml" display 
262 will be lit while the device is pumping to 
indicate that the information displayed in the 
"total delivered" display is in milliliters. 

Other status displays include: 

1. ) a "no flow" display 264 which indicates 
that no fluid is flowing during operation of the 
device; 

2. ) a "door" display 266 which indicates that a 
door is improperly closed during operation of 
the device; 

3. ) a "no set" display 268 indicates that a set 
is not present, or is improperly positioned in the 
device during operation; 

4. ) a "device" display 270 indicates a variety 
of device malfunction situations; 

5. ) a "power" display 272 Indicates when the 
device is receiving power, and a "complete" 
display 274 indicates when a pumping operation 
has been completed. 

The steps that an operator takes tog th r with the 
internal functions perform d by the control device in 
response t the operator's steps will now be 
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discussed in greater detail. The master micropro- 
cessor operates during the keyboard programming 
mod as follows. First, as illustrated by block 275 in 
FIG. 25, the microprocessor generates an updat d 
display every 0.5 seconds on the display panels 
itlustrat d in FIGS. 26 and 27. Next, as illustrat d by 
block 277 in FIG. 25, a display for an individual 
source container such as displays 250 and 252 for 
source container no. 1 in FIG. 26 will be flashed to 
indicate to the operator that source container no. 1 
can now be programmed. The "Run"* LED will also 
be lit. Only one set of displays will be flashed at a 
time and one "Run" LED will be lit so that it will be 
clear to the operator which particular source 
container is currently being programmed. 

The programmer may then use the keyboard 
illustrated in FIG. 22 to program the amount of fluid 
to be transferred from that particular source con- 
tainer to the receiving container. The programmer 
may either enter the volume or the specific gravity of 
the fluid to be transferred. Typically, during initial set 
up of the device, the specific gravity for each source 
container will be initially programmed by the oper- 
ator. 

In order to input information concerning the 
specific gravity of a particular source container into 
the device, the operator simply depresses the 
specific gravity key 276 illustrated in FIG. 22. This 
causes the keyboard programming mode to cause 
future information to be entered in a register 
programmed to retain specific gravity information. 
The programmer next may depress any one or more 
of the numeric keys 278 as displayed in FIG. 22 and 
depress the 'enter key" 280 to have the information 
entered in the register discussed above. 

If a programmer does not wish to have fluid 
transferred from that particular source container, 
and volumetric information has been previously 
entered in display panel 252, this information can be 
cleared simply by depressing the "clear" key 282. 
The operator may then go to the next source 
container display by depressing the enter key 280. 
The operator may continue pressing the "enter" key 
280 until the display for the desired source container 
display begins flashing. When the desired source 
container display has been reached, the operator 
may then input information into the device for that 
particular source container in an identical manner to 
the manner described above for source container 
no. 1. 

A'ter the operator has completed entering infor- 
mation into the device for all the source containers, 
the operator may then press the start key 284. If the 
start key is depressed, the keyboard programming 
mode begins a pump control routine as illustrated by 
block 286 in FIG. 25. If the "start" key has not been 
depressed, the device remains in the keyboard 
programming mode unless the operator depresses 
either the "A ID" key 288, or the "M ID" key 290. the 
"A ID" key will cause the device to exit the keyboard 
programming mode, and enter an automatic identifi- 
cation programming mode which is controlled from a 
remote computer terminal. The "M ID" key will also 
cause th d vie to xit the keyboard programming 
mode and enter a manual identification programming 



mode, which is also controlled from a remote 
computer terminal. 

D. Pump Control Routine 
5 If th operator has depressed the start key, as 
discuss d above, the d vie will nter a "pump-con- 
tr I" routin . This routine is described in FIG. 28. As 
can be seen in the figure, the device first operates to 
cause the "ml" display 262 to light up, and turns off 

10 the light on the "g° display 260. This operation is 
illustrated by block 292 in FIG. 28. Next, the device 
continuously monitors the keyboard to determine if 
the operator has depressed any key on the pad 
during the pumping mode. This is illustratedt>y block 

15 294 in FIG. 28. This monitoring function is described 
in greater detail in FIG. 29. If the operator has 
depressed the stop key 296 (FIG. 22), the pump 
control routine will automatically stop the pump 
control routine program as illustrated by block 298 

20 (FIG. 28). 

Assuming the stop key has not been depressed, 
the next function performed by the pump control 
routine is to check the status of the pump control 
microprocessor to determine if it is waiting to 

25 receive data. If the pump control microprocessor is 
ready to receive data, the master microprocessor 
computes the weight of fluid to be transferred from 
each individual source container to the receiving 
container given the volume and specific gravity 

30 information input in the device during the keyboard 
entry mode. This computation is essentially identical 
to the computations described in U.S. patent 
No. 4,513,796 entitled "High Speed Bulk Com- 
pounder" issued April 30, 1985. This application is 

35 incorporated herein by a reference. The pump 
control routine checks to see if any of the informa- 
tion entered by the operator is out of of a 
predetermined range. For instance, in the preferred 
embodiment of the invention, the allowable range for 

40 specific gravity is between approximately 0.5 and 
3.0. The minimum volume to be transferred has to 
be, for example, at least one milliliter in the preferred 
embodiment of the invention. If any of the informa- 
tion is determined to be outside of these ranges, the 

45 pump control routine notifies the operator by 
causing the display 250 or 252 (FIG. 26) which is out 
of range to flash. This is illustrated by block 302 in 
FIG. 28. 

After the out of range checks have been per- 

50 formed, if all information input into the device by the 
operator Is within range, the pumping data com- 
puted by the program memory 238 and stored in its 
external RAM 234 is transferred through an external 
I/O ports 236 of the master microprocessor to the 

55 external I/O ports 304 of the pumping microproces- 
sor. This information is then stored in the external 
RAM 300 of the pumping microprocessor to be later 
used by the program memory 306 of the pumping 
microprocessor. This transfer of information is 

60 illustrated by block 308 in FIG. 28. 

After the information has been transferred to 
external RAM 300, the pump control routine then 
repeats the keyboard monitoring function discussed 
above with respect to block 294. The mast r 

65 microprocessor remains in this mode until it re- 
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ceives a signal from the pumping microprocessor 
indicating that th pump control microprocessor has 
started pumping. This illustrated by decision dia- 
mond 310 in FIG. 28. If the pump control module has 
begun pumping, the master microprocessor begins 
a monitor pumping routine as illustrated by block 
312 in FIG. 28. 

E. Keyboard Logic Routine 

Before discussing the monitor pumping routine in 
greater detail, the keyboard logic routine illustrated 
by block 294 and 294(a) in FIG. 28 will be discussed 
in greater detail. The keyboard logic routine is 
illustrated by the flow chart of FIG. 29. As can be 
seen in the flow chart, the first step performed in the 
routine is to decode any key which may have been 
pressed. This is illustrated by block 314 in the figure. 
If a key has been pressed as illustrated by decision 
diamond 316, the next step is to determine if it is a 
function key as illustrated by decision diamond 318. 
In the preferred embodiment of the invention, the 
following keys have been designated as function 
keys: (1) clear; (2) decimal point; (3) enter; (4) 
enter/rinse; (5) recall; (6) start; and (7) stop. If any of 
the above keys have been depressed, the program 
logic operates to perform the appropriate function 
(such as clear the designated display). This step is 
indicated by block 320 in FIG. 29. The program logic 
then operates to exit the keyboard logic routine and 
enter another appropriate routine, depending on 
which function key has been depressed, and 
depending on how information was originally en- 
tered into the device by the operator. For example, 
the program logic may exit to one of the following 
modes: (1) keyboard programming mode; (2) pump 
control routine; (3) auto identification routine; (4) 
manual identification routine. The program logic will 
enter the auto and manual identification routines 
only if the start or stop keys have been depressed. 

If a function key has not been depressed as 
determined by decision diamond 138, the next step 
is to determine if pumping is in process. This is 
illustrated by decision diamond 322 in FIG. 29. If 
pumping is in progress, any other key entry made by 
an operator is ignored during pumping, and the 
keyboard logic routine is exited and the system logic 
will return to the location in the pump control routine 
from which it exited. This is illustrated by block 324 in 
FIG. 29. 

If the device is not currently pumping fluid, then 
the keyboard logic routine will next check to see if a 
mode key has been depressed. This is illustrated by 
decision diamond 326\ The following keys have been 
designated as mode keys in the preferred embodi- 
ment of the invention: (1) auto zero; (2) auto span; 
(3) A ID; (4) M ID; (5) standard; and (6) verify. If any 
of the mode keys have been depressed, the 
appropriate function will be performed and the 
program logic will cause the device to exit from the 
keyboard logic routine to either the keyboard 
programming mode, auto I.D. mode, or manual I.D. 
mode. This is illustrated by block 328 in RG. 29. 

If a mode key has not been depressed, the next 
step is to determine if a "complete routin ' is being 
executed. This check is iilustrat d by decision 



diamond 330 in FIG. 29. The "complet routine" is 
simply a routin performed by the mast r micropro- 
cessor after pumping has been completed by the 
pumping microprocessor. In this routine, the mast r 
5 microprocessor waits for a signal from the pumping 
microprocessor to indicate that pumping has been 
complet d. Once this signal is received, the master 
microprocessor causes th "complete" display 274 
(FIG. 7.) to light up, and causes the program logic to 

10 wait for additional commands from the operator, if 
the complete routine is being exited as illustrated by 
decision diamond 330 in FIG. 29, the keyboard logic 
routine will cause the master microprocessor to exit 
the keyboard logic routine and enter the complete 

15 routine, as illustrated by block 332 in FIG. 29, thereby 
ignoring any keyboard entry made by the operator 
relating to volume, specific gravity, or numeric keys. 

The next step performed by the keyboard logic 
routine, if the complete routine is not being executed 

20 is to d determine if the operator has depressed a 
'parameter key". In the preferred embodiment of the 
invention, the volume and specific gravity keys 280, 
and 276 respectively are designated as "parameter 
keys", if either of these keys has been depressed, 

25 the keyboard logic routine will cause the master 
microprocessor to perform the appropriate function 
indicated by either of these keys as illustrated by 
block 334 in FIG. 29, and the cause the master 
microprocessor to exit to the keyboard program 

30 routine as illustrated by block 346. 

The next step performed by the keyboard logic 
routine Is to determine if a numerical key has been 
depressed. If so, the appropriate function is serviced 
as illustrated by block 348, and the microprocessor 

35 exits to either the keyboard programming routine or 
the manual identification routine. This is illustrated 
by block 350. 

F. Pump Monitoring Routine 

40 The next routine to be described in greater detail 
is the pump monitoring routine illustrated in block 
312 in FIG. 28. A more detailed description of this 
block Is provided in FIG. 30. The pump monitoring 
routine is a routine that is performed by the master 

45 microprocessor based on information that it re- 
ceives from the pumping microprocessor. As can be 
seen in FIG. 30, the first function performed during 
the pump monitoring routine is to refresh all displays 
on the device every 0.5 seconds. This Is illustrated by 

50 block 352. The pump monitoring routine then 
monitors the keyboard as illustrated by block 354. 
This function is the same function performed during 
the pump control routine and illustrated by block 294 
and 294(a) in FIG. 8, and illustrated by the flow chart 

55 of FIG. 29. The next step performed by the pump 
monitoring routine is to check to see if the stop key 
has been depressed by the operator. This check is 
illustrate by decision diamond 356 in FIG. 30. It 
should be noted that when any key is depressed, the 

60 pump monitoring routine will enter the keyboard 
logic routine from block 354. If the keyboard logic 
routine determines that the stop key has been 
depr ss d, it will xit from the k yboardl gic routine 
and return to th pump monitoring routine. The 

65 ch ck iilustrat d by decision diamond 356 det r- 
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mines if th stop key has be n depressed. If so, the 
pump monitoring routine will cause the micropro- 
cessor to exit the pump monitoring routin and go to 
a location designated as 358 in FIG. 28 of the pump 
control routine. This is illustrated by exit oval 360 in 
FIG. 30. 

Returning to decision diamond 356 in the pump 
monitoring routine, if the stop k y has not b n 
depressed, the next function performed by the 
pump monitoring routine is to determine if an alarm 
condition is present. This is indicated by block 362 of 
FIG. 30. 

If an alarm condition is present, the program logic 
of the pump monitoring routine will cause the master 
microprocessor to exit the pump monitoring routine 
and enter an alarm routine as illustrated by exit oval 
364. 

If an alarm condition is not present, the next 
function performed by the pump monitoring routine 
is to update the weight delivered for the station 
being pumped, and to update the total volume 
pumped in the total volume display. These functions 
are illustrated by block 366. After the update 
function has occurred, the next step is to determine 
if all stations have been pumped. This is illustrated 
by block 368 in FIG. 30. 

if all stations have not been pumped, the program 
logic causes the pump monitoring routine to return 
to a location designated as location 370 in the pump 
monitoring routine. 

If all stations have been pumped, the pump 
monitoring routine will cause the master micropro- 
cessor to exit to location 358 in FIG. 28 of the pump 
control routine. 

The next function performed in the pump control 
routine is to once again check to see if the stop key 
has been depressed. This is illustrated by decision 
diamond 371 in FIG. 28. 

G. Complete Routine 

If the stop key has been depressed, the pump 
control routine will exit to the keyboard programm- 
ing routine. If the stop key has not been depressed, 
the pump control routine will then cause the master 
microprocessor to begin the complete routine. This 
is illustrated by block 372 in FIG. 28. The complete 
routine is also illustrated in greater detail in FIG. 31. 
The first function performed by the complete routine 
is to cause the complete LED 274 (FIG. 27) to light 
up. This function is illustrated by block 374 In FIG. 31. 
Next, all displays are refreshed every 0.5 seconds. 
This is Illustrated by block 376. The keyboard is then 
monitored as illustrated by block 378. The keyboard 
monitoring function is the same routine discussed 
above, and illustrated in FIG. 29. 

Next, the complete routine checks to see if the 'A 
ID" n M ID* or standard keys have been depressed by 
the operator. This is illustrated by decision diamond 
380. If any of these keys have been depressed, the 
complete routine will cause the master microproces- 
sor to enter an appropriate routine related to that 
particular key through a master control routine. 

If an 'A ID', "M ID", standard, or stop key has not 
beend pressed, the next function perform d by the 
complete routine is to determine if th "start" key 
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has be n depressed by the operator. This is 
illustrated by decision diam nd 382. If the start key 
has not b en depressed, the complete routine 
returns to the location designated as 384 in FIG. 31. 
5 If the start key has been depressed, the complete 
routine operates to turn off the "complete' LED 274 
(FIGS. 27), and to turn on the "g" LED 260. The 
master microprocessor then xits the c mpl te 
routine. 

10 

H. Pumping Microprocessor 

All of the control logic discussed above is 
performed by the master microprocessor in the 
preferred embodiment of the invention. The func- 
15 tions of pumping microprocessor will now b 
discussed in greater detail. The three major func- 
tions performed by the pumping microprocessor ar 
to: (1) control the pumping operation of the 
peristaltic pump; (2) process signals generated by 
20 the load cell; and (3) control the occlusion means. 
When the device is originally turned on by an 
operator, the pumping microprocessor goes 
through an initialization process very similar to the 
initialization process discussed above with respect 
25 to FIG. 24. 

I. Hold Routine 

After the initialization process has been com- 
pleted, the pumping microprocessor automatically 

30 goes into a hold routine that is illustrated in detail by 
the flow chart of FIG. 32. As can be seen in the 
figure, the first step performed by the hold routine is 
to clear any pumping data that may be present in a 
buffer in external RAM 300 of the pumping micropro- 

35 cessor. This step is illustrated by block 382 in 
FIG. 3Z 

After this step has been completed, the next 
function performed by the hold routine is to send a 
signal to motor 1 05 of the first occlusion means 28 of 

40 FIG. 8. This signal causes the motor to advance 
solenoid 108 to a "home position". In the preferred 
embodiment of the invention, the "home position" is 
a position in which the solenoid is immediately 
adjacent the occluding arm 90, which is closest to 

45 the motor 105. However, the "home position- may be 
located elsewhere on the drive screw 102. The 
purpose of having a "home position" is to enable the 
microprocessor to send future signals to the motor 
105 to advance the solenoid to other designated 

50 positions from a base, or "home position". The step 
of sending the solenoid to its "home position" is 
illustrated by block 384 in FIG. 32. 

After the solenoid has been placed in its "home 
position", the next function performed by th 

55 pumping microprocessor during the hold routine is 
to notify the master microprocessor that it may send 
new pumping data to the pumping microprocessor. 
This function is illustrated by block 386 in FIG. 32. As 
will be recalled, during the pump control routine 

60 discussed above with respect to FIG. 28, the master 
microprocessor will not send pumping data to the 
pumping control microprocessor until the master 
microprocessor rec iv s a signal which indicat s 
th pumping microprocessor is ready to receive 

65 data. The pumping data is then sent by the master 
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microprocessor to the pumping microprocessor as 
illustrated by block 308 in FIG. 28. 

After the pumping microprocessor has notifi d 
the master microprocessor that it may send new 
pumping data, the next function performed by th 
hold routine is to perform a check to see if the "stop 
k y" has been pressed by the operator. This ch ck 
is illustrated by decision diamond 388 in FIG. 32. 

if the stop key has been pressed, the pumping 
microprocessor will automatically exit from the hold 
routine and reset the pumping microprocessor. In 
other words, the pumping microprocessor will return 
to an initialization routine which is essentially 
identical to the initialization routine performed by the 
master microprocessor when power is initially 
applied to the microprocessor. This exit routine is 
illustrated by exit oval 390 in FIG. 32. 

If the stop key has not been depressed, the next 
function performed by the hold routine is to perform 
a check to see if the "Auto O" key 392 (FIG. 22) has 
been pressed. The purpose of the 'Auto O" key is to 
inform the pumping microprocessor that the oper- 
ator has requested the total weight displayed in 
display panel 258 of FIG. 27 be set to zero. This can 
be used, for example, to cause the display 258 to 
give a zero reading when the chamber is empty, 
rather than give a reading which indicates a weight of 
the chamber. Therefore, if the Auto O key 392 has 
been depressed as indicated by decision diamond 
394, the hold program performs a tare load routine 
which subtracts the weight of the empty chamber 
from the displayed value in cfsplay panel 258 of 
FIG. 27. This function is illustrated by block 396 of 
FIG. 32. 

The next function performed by the hold routine is 
to obtain a new weight reading from the load cell. 
This function is illustrated by block 398 in FIG. 32. In 
order to more fully understand how this function is 
performed, the electronics used to generate signals 
from the load cell will now be discussed in greater 
detail. Refer now to FIG. 33 which is a block diagram 
of the electronics associated with the load cell of the 
preferred embodiment of the invention. 

J. Load Cell 

As can be seen in FIG. 33, a load cell 400 is 
powered by a regulated DC source 402. As dis- 
cussed above, the chamber is suspended from a 
bracket on the load cell so that the load cell 400 
generates an analog signal which is indicative of the 
weight of both the chamber and any fluid contained 
in the chamber. The load cell in the preferred 
embodiment of the invention, is a shear-beam type 
load ceH'based on resistance strain gauge technol- 
ogy. Weight values are converted by the load ceil 
into DC signal voltages. These voltages, or signals, 
are fed into a linear amplifier 404. The signal 
generated by the load cell 400 is a relatively low level 
signal which requires amplification prior to trans- 
mission to an analog-to-digital converter. Linear 
amplifier 404 is a commercially packaged integrated 
circuit, low-noise, low-drift instrum ntation amplifier. 
This instrumentation amplifier provides the bulk of 
amplification needed t bring the low level signal 
from the load c II to a level adequate for input into 



the A/D converter. This signal from amplifi r 404 is 
then passed through a low-pass filter 406. This filter 
serves to attenuate noise components g nerated by 
semiconductors, seismic eff cts and I ad cell 

5 mechanical resonance. The signal is then pass d 
from the low-pass filter 406 to a "span trim and zero 
adjust" stage 408. The span trim function f this 
stage is used to set the overall load cell amplifier 
gain (span) to a given millivolt/gram value required at 

10 the input to an A/D converter 410. The zero adjust 
function assures a unipolar signal input voltage to 
the A/D converter, which is configured in the 
unipolar mode. The signal is passed from the span 
trim and zero adjust stage to an additional low-pass 

15 filter 412. The function of low-pass filter 412 is 
essentially identical to the function of filter 406. The 
signal then passes to the A/D convertor 410 through 
tine 412. 

20 K. A/D Convertor 

The signal is then passed through line 413 to 
sample/hold 41 8 which periodically locks the incom- 
ing signal from low-pass filter 412 to a stable value 
for conversion by A/D converter 410. The A/D 

25 conversion process is implemented by A/D conver- 
ter 410 together with peripheral circuitry consisting 
of clock oscillator 414, sample pulse timer 416 and 
pulse generator 336. The A/D converter 410 con- 
verts the amplitude value of the signal from 

30 sample/hold 418 to an equivalent 14-bit binary coded 
output signal. This signal is transmitted through 
gates 420 and 422 which sequentially place a high 
data byte and then a low data byte on data bus lines 
430 to the I/O port 304 of the pumping microproces- 

35 sor. The information is then transmitted to a status 
buffer in internal ram 450 of the pumping micropro- 
cessor. Gates 420 and 422 transmit data to the 
microprocessor after the microprocessor senses 
the end of conversion signal via line 432 which is 

40 transmitted from a multiplexing gate 434. After the 
low data byte has been transferred, the A/D 
conversion cycle is completed, and begins again 
with the arrival of the next pulse into a pulse 
generator 436. 

45 

L Hold Routine - Continued 

After an updated weight has been received from 
the load cell as illustrated by block 398 of FIG. 32, the 
next function performed by the pumping micropro- 

50 cessor is to update the internal RAM 222 of th 
master microprocessor with weight information 
contained in internal ram 450 of the pumping 
microprocessor. This updating process takes place 
every four tenths of a second in the preferred 

55 embodiment of the Invention. Therefore, the infor- 
mation displayed in the display panel 258 is updated 
continuously during the hold routine. 

After the weight information has been sent to the 
master microprocessor as illustrated by block 452 of 

60 FIG. 32, the next function performed by the pumping 
microprocessor during the hold routine is to perform 
a check to se if the pumping microprocessor is still 
waiting for n w pumping data TTiis check is 
illustrated by decision diamond 454. In the preferred 

65 embodiment of th inv ntion, the mast r micropro- 
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cessor only sends data to the pumping micropro- 
cessor when the operator has pressed the start 
button 284 (FIG. 22). When the start button is 
pressed, this means that th operator has com- 
pleted entering pumping information for a specific 
patient. Once this information has been entered and 
the start button has been depressed, the master 
proc ssor continues to send this information to the 
pumping microprocessor until the pumping micro- 
processor confirms that valid data has been sent to 
the pumping microprocessor. Once the pumping 
microprocessor has confirmed that valid data has 
been received from the master microprocessor, the 
pumping microprocessor exits from the hold routine 
of FIG. 32, and returns to a master control routine 
which will be discussed in greater detail below. 

M. Pumping Routine 

The control routine will next cause the pumping 
microprocessor to enter into a pumping routine 
which is discussed in greater detail in FIG. 34. As can 
be seen in the figure by block 456, the first function 
performed by the pumping routine is to obtain a 
"tare weight' of the chamber 18 while it is empty. A 
tare weight is simply the weight of the empty 
chamber. After this information has been obtained, 
the tare weight is stored in a buffer in internal BAM 
450 of the pumping microprocessor. 

The next function performed by the pumping 
routine is to obtain a weight to pump from the first 
(or next) available source container. This function is 
illustrated by block 458 of FIG. 34. As discussed 
above, the weight information is stored in an external 
RAM 300 of the pumping microprocessor until it is 
transferred during the pumping routine to a buffer in 
the internal RAM 450 of the microprocessor. 

After this information has been transferred, the 
next function performed by the pumping routine is to 
perform a check to see if any fluid is to be pumped 
from a source container. This check is illustrated by 
decision diamond 460 of FIG. 34. 

If further pumping is required, the next step 
performed by the function routine is to perform a 
check to see if less than 50 milliliters needs to be 
pumped. This check is illustrated by decision 
diamond 462 of FIG. 34. If more than 50 milliliters is 
to be pumped from a source container, the inter- 
mediate chamber is filled an integral number of times 
as required to pump the closest integral multiple of 
50 milliliters of the total volume of fluid to be pumped 
from a single source container. The reason this step 
is performed in the preferred embodiment of the 
invention is because the maximum capacity of the 
chamber is 50 ml. This function is illustrated by block 
464 in FIG. 34. 

If less than 50 ml. is to be pumped, or after the 
closest integral multiple has been pumped during 
the step discussed above, the next function per- 
formed by the pumping routine is to fill the chamber 
with any weight remaining to be pumped from that 
particular source container. This function is illus- 
trated by block 468 in FIG. 34. In the preferred 
embodiment of the inv nti n, th smallest weight of 
fluid to be pumped may be as low as 1 ml. However, 
in other embodiments of the inventi n, it may b 



possible to pump volumes as low as 0.5 ml. Th fill 
functions illustrated by blocks 464 and 468 of FIG. 34 
are discussed in much greater detail below with 
respect to FIG. 5. 
5 The next function performed by th pumping 
routin is to drain th int rmediate chamb r if 
appropriate. This function is illustrated by block 470 
and will b discussed in great r detail with respect to 
FIG. 36. 

10 The next function performed by the pumping 
routine is to perform a rinse operation. This function 
is illustrated by block 472 of FIG. 34 and discussed in 
greater detail below with respect to FIG. 37. 
After the chamber has been rinsed (if necessary), 

15 the next function performed by the pumping routine 
is to update the pumping status for the master 
microprocessor based on information from the load 
cell obtained during the pumping or rinsing oper- 
ation. This function is illustrated by block 474 of 

20 FIG. 34. 

The pumping routine then performs a check to 
see if fluid from all necessary source containers has 
been pumped. This check is illustrated by declsf n 
diamond 476 of FIG. 34. If fluid from all necessary 

25 source containers for a particular patient have not 
yet been pumped, the pumping routine returns to 
the location designated as 478 in FIG. 34 to obtain 
the weight to pump for the next required source 
container. If all necessary fluid has been pumped, 

30 the pumping routine then exits to a master control 
routine as illustrated by exit oval 480 in FIG. 34. 

N. Fill Routine 
The precise mechanism and procedures by which 

35 fluid is actually pumped from the source containers 
into the chamber by the control means as Illustrated 
by blocks 464 and 468 of the pumping routine wit) 
now be discussed in greater detail with respect to 
FIG. 35. As can be seen in the figure, the first 

40 function performed during the "fill routine" of FIG. 35 
is to perform a check to see if the chamber is to b 
filled a multiple number of times from a single source 
container adjacent the bias overcoming means 106 
of the first occlusion means 28. This check is 

45 illustrated by decision diamond 481 in FIG. 35. If the 
bias overcoming means is not adjacent the appropri- 
ate occlusion arm 94, the appropriate source 
container, the pumping microprocessor sends a 
signal to motor 105 to advance carriage 104 to 

50 position the bias overcoming means 106 adjacent 
the appropriate occluding arm 90 of the appropriate 
source container 12. This function is illustrated by 
block 482. 

The next function performed by the fill routine is to 
55 obtain a tare weight from the load cell for the 
chamber. This function is illustrated by block 484 in 
FIG. 35. 

The next function performed by the fill chamber 
routine is to allow the chamber to stabilize to 

60 atmospheric pressure. This function is illustrated by 
block 485. The chamber can be quickly brought to 
atmospheric pr ssure in the preferred embodiment 
of the subject invention by allowing solenoid valve 
152 in FIG. 12 to open to admit the pressure conduit, 

65 tine 128, to sudd nfy go to atmospheric pressure. 
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This in turn caus s the pressure in the chamb r to 
reach atmospheric pressure. 

In the preferred embodiment of the inv ntion, the 
next function performed by the fill chamber routine is 
to check to see if the weight to b pumped is less 
than 6.0 grams. This check is illustrated by decision 
diamond 486. If the weight to be pumped is I ss than 
6.0 grams, the control means sends a signal t the 
peristaltic pump to cause the pump to rotate in a first 
direction to create a vacuum in the chamber. In the 
preferred embodiment of the invention, if the weight 
to be pumped is less than 6.0 grams, the control 
means causes the peristaltic pump to operate at 
one-third at its rated speed. This function is 
illustrated by block 488 in FIG. 35. 

If the weight to be transferred is not less than 6.0 
grams, the next function performed by the fill 
chamber routine, is to perform a check to see if the 
weight should be pumped is less than 11.0 grams. 
This check is illustrated by decision diamond 490 in 
FIG. 35. If the weight to be pumped is between 6.0 
grams and 11.0 grams, the control means sends a 
signal to the peristaltic pump to cause the pump to 
rotate In the first direction to create a vacuum in the 
chamber. However, in this instance, the signal 
causes the pump to operate at two-thirds of its rated 
speed. This function is illustrated by block 492 of 
FIG. 35. 

The next function performed by the fill chamber 
routine is to send a signal to the peristaltic pump to 
rotate in the first direction at full speed if the weight 
to be transferred is greater than or equal to 11.0 
grams. This function is illustrated by block 494 in 
FIG. 35. 

It should be noted that up to this point in the fill 
chamber routine, no fluid is actually being pumped 
into the chamber because the first occlusion means 
is biased so that all of the individual conduit lines are 
occluded. The next function performed by the fill 
chamber routine is to send a signal to solenoid 108 
of the first occlusion means to cause rod 110 of the 
solenoid 108 to move into an extended position, 
thereby causing occluding arm 90 to move away 
from its associated individual fluid conduit 16 to 
allow fluid to flow from the appropriate source 
container into the chamber. The step of opening the 
appropriate supply valve is illustrated by block 496 in 
FIG. 35. 

The next function performed by the fill routine is to 
allow the chamber to fill to the desired weight as the 
peristaltic pump creates a vacuum in the chamber to 
draw fluid from a single source container into the 
chamber. As fluid is being drawn into the chamber, 
the load cell is constantly generating an analog 
signal which Is sent to the A/D converter to create a 
digital signal which is then transmitted to the 
pumping microprocessor. This function is illustrated 
by block 498. 

When the signal from the load cell indicates that 
the desired amount of fluid has been transferred to 
the chamber, the next function performed by the fill 
chamber routine is to turn off the peristaltic pump 
and de-energize solenoid 108 to pr v ntfurth r fluid 
flow. This function is illustrated by block 500. 

The next functi n performed by the fill routine is to 



one again allow the chamb r to stabiliz to 
atmosph ric pressur . This function is illustrated by 
block 502, and is essentially id nticaltoth function 
discussed above with respect to block 485. The 
5 pumping microprocessor then exits the fill routin 
and returns to the pumping routine at the location 
designated as el ment 504 in FIG. 34. 

O. Drain Routine 

10 The drain routine discussed above with respect to 
block 470 of FIG. 34 will now be discussed in great r 
detail below referring to FIG. 36. The drain routine is 
simply a series of checks to determine If the 
chamber needs to be drained. The first check 

15 performed by the drain routine is to determine if th 
last source container has been pumped. This check 
is illustrated by decision diamond 506 in FIG. 36. If 
the last source container has not been pumped, the 
drain routine next checks to see if a rinse is to follow 

20 the source container that was just pumped. This 
check is illustrated by decision diamond 508. 
Normally, a rinse will not be conducted unless the 
next fluid to be pumped is incompatible with th 
previous fluid, or If the previous fluid pumped was 

25 the last fluid to be pumped. The next check 
performed by the drain chamber routine is to 
determine if the next source container to be pumped 
is supposed to be followed by a rinse. This is 
illustrated by decision diamond 510. In the preferred 

30 embodiment of the invention, if the next sourc 
container is to be followed by a rinse, then a drain 
operation will occur prior to filling the chamber with 
that fluid. 

The next check performed by the drain chamber 

35 routine is to determine if multiple fills of 50 mis ar 
occurring in the intermediate chamber. This is 
illustrated by decision diamond 512. The next check 
performed by the drain chamber routine is to 
determine If all of the remaining source containers 

40 contain fluid which is not required to be pumped Into 
the chamber for a particular patient. This check Is 
illustrated by decision diamond 514. 

The final check performed by the drain chamber 
routine is to determine if the current volume in th 

45 intermediate chamber and the volume to be pumped 
from the next source container is less than 50 mis. 
This is illustrated by decision diamond 516. if the 
volume in the chamber and the volume to be 
pumped from the next source container is less than 

50 50 mis, the pumping microprocessor will return to 
the pumping routine at the location designated by 
element 518 in FIG. 34. This will allow the pumping 
routine to cause the next fluid to be pumped into th 
chamber prior to draining the chamber. For all of the 

55 checks performed by the drain chamber routine 
discussed above, if the outcome to any one of th 
checks is in the affirmative, the pumping micropro- 
cessor will cause the second occluding means to 
open the fluid outlet conduit 22 to allow the fluid in 

60 the chamber to drain into the receiving container. 

The device is unique in that during the drain 
operation, the peristaltic pump operates in the 
revers dir ction to generat a positive pressure in 
the chamber to force the fluid out of the chamber. 

65 After any necessary drain operation has occurred as 



16 



31 



EP 0 320 503 A2 



32 



indicated by th drain chamber routine, the pumping 
microprocessor exists th drain routine and returns 
to the pumping routine at the location designated by 
element 518 in FIG. 34. 

5 

P. Rinse Operation 

As discuss d above, the next function performed 
by the pumping routine is to perform a rinse 
operation as illustrated by block 472 in FIG. 34. This 
operation will now be discussed in much greater 10 
detail below with respect to FIG. 37. As can be seen 
in FIG. 37, the first function performed during the 
rinsing operation is to perform a check to determine 
if the chamber needs to be rinsed after fluid has 
been transmitted from a particular source container. 15 
An operator of the device may indicate that a rinse is 
required when information is being entered into the 
device. For example, if information is to be entered 
through a keyboard, as discussed above, then the 
operator may simply depress the "ENT RIN" key 520 20 
(FIG. 22) with respect to a particular source 
container, if the information is being entered into the 
device through a computer terminal, then other 
means would be used to indicate that a particular 
source container requires a rinse after fluid has been 25 
transmitted from that source container. In any event, 
if a rinse is required, then a rinse display 222 
(FIG. 26) will indicate that a rinse is required after 
fluid from that particular source container is trans- 
mitted to the chamber. 30 

If a rinse is required, the next function performed 
by the pumping microprocessor during the rinse 
routine as illustrated by FIG. 37 is to allow the 
chamber to stabilize to atmospheric pressure. This 
function is illustrated by block 524. The chamber is 35 
allowed to stabilize at atmospheric pressure using 
the technique discussed above with respect to block 
485 in FIG. 35. The pumping microprocessor then 
sends a signal to the peristaltic pump 105 to cause 
the pe ristaltic pump to rotate in a first direction at full 40 
speed to create a vacuum in the chamber. This 
function is illustrated by block 526. The pumping 
microprocessor next sends a signal to the second 
occlusion means to energize its associated solenoid 
valve thereby creating an open fluid communication 45 
between the chamber and the receiving container. 
This function is illustrated by block 528. The vacuum 
in the chamber causes fluid in the receiving 
container to be drawn into the chamber to rinse the 
chamber. 50 

In the preferred embodiment of the invention, the 
rinsing routine allows the chamber to completely fill 
from the receiving container as the weight of the 
chamber is continuously monitored by the load cell. 
This function is illustrated by block 530. After the 55 
load cell has indicated that the chamber has filled, 
the next function performed by the pumping micro- 
processor during the rinse routine is to allow the 
chamber to stabilize once again to atmospheric 
pressure. This function is illustrated by block 532. 60 

The next function performed by the rinse routine is 
to generat a positive pressure in the chamber using 
the techniques described above to cause th rinse 
fluid in the chamber to return to the receiving 
container. This is illustrated by block 534. Aft r the 65 



chamber has b en drained, th pumping micropro- 
cessor returns to the pumping routine at th location 
designated by element 536 in FIG. 34. 

Q. Control Routin - Pumping Microprocessor 

All of the routines discussed above are controlled 
by a pair of master control routines. Each micropro- 
cessor has its own master control routine to direct 
each microprocessor to the appropriate routine 
during operation of the device. The master control 
routine for the pumping microprocessor will now be 
discussed in greater detail below with respect to 
FIG. 38. As can seen in the figure, the first function 
performed by the control routine is to initialize the 
pumping microprocessor. This function is illustrated 
by block 340. 

The next function performed by the control 
routine for the pumping microprocessor is to 
determine if any alarms have been generated. This is 
illustrated by decision diamond 346. The next 
function performed if no alarms have been gener- 
ated. Is to enter the pumping routine discussed 
above with respect to FIG. 34. This function Is 
illustrated by block 348 In FIG. 38. The control 
routine then checks again to see if an alarm has 
been generated as illustrated by decision diamond 
350. If no alarms have been generated, the control 
routine will then cause the pumping microprocessor 
to enter a complete routine. The complete routine Is 
simply a routine which is performed after pumping 
has been completed. The complete routine causes 
the solenoid of the first occluder to be sent to its 
"home position". The complete routine also causes 
the pumping microprocessor to continue to read 
and filter information from the load cell. 

The control routine for the pumping microproces- 
sor then checks once again to see if any alarms have 
been generated as illustrated by decision diamond 
354. If no alarms have been sounded, the entire 
control routine is repeated. 

If at any point during the control routine described 
above an alarm is generated, the control routine will 
enter into an alarm routine. After appropriate action 
has been taken in response to the alarm, the control 
routine for the pumping microprocessor will be 
initiated once again. 

R. Control Routine - Master Microprocessor 

The control routine for the master microprocessor 
will' now be discussed in greater detail below with 
respect to FIG. 39. As can be seen in the figure, the 
first function performed by the master control 
routine is to Initialize the system. This is illustrated by 
block 360. The initialization procedure has been 
discussed above. After the master microprocessor 
ha been initialized the master control routine next 
performs a check to determine if it is necessary to 
enter the keyboard programming mode discussed 
above with respect to FIG. 25. This check is 
illustrated by decision diamond 362 in FIG. 39. If It is 
not appropriate to enter the keyboard programming 
mode, the next ch ck p rfbrmed by th master 
control routine is to determine if it is appropriate to 
enter the auto identification mode. This check is 
illustrated by decision diamond 364. 
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The next check performed by the master routin is 
to determine if it is appropriate to enter the manual 
identification mode. This check is illustrated by 
decision diamond 366. If it has been determined 
during each of the thre checks described abov to 5 
enter into one of the various mod s in which 
information is entered by an operator into the device, 
th master control routine will allow the information 
to be entered. However, as can be seen in FIG. 39. 
during this process, the master control routine is 10 
continuously checking for the presence of any 
alarms generated by the system. In the event that 
any alarm has been generated, the master control 
routine will cause the master microprocessor to 
enter into an aJarm processing routine. If the aJarm is 15 
one from which the device can be recovered from 
easily, the appropriate action will be taken, and the 
master control routine will return to a default mode 
of keyboard programming in the preferred embodi- 
ment of the invention. If the alarm is not a 20 
"recoverable alarm - , then the master control routine 
will cause the master microprocessor to return to 
the location designated by element 370 in FIG. 39. 

In one embodiment of the invention, a means may 
be provided for gnerating a record of the actual 25 
transfer of multiple fluids into a single source 
container. In this embodiment, information gener- 
ated by the master and pumping microprocesors 
may be transmitted to a standard printer through 
appropriate software to generate a written record of SO 
the actual fluid and amount of fluid transferred. 

Although the invention has been described and 
illustrated in detail, it is to be clearly understood that 
the same is by way of illustration and example only, 
and is not to be taken by way of limitation; the spirit 35 
and scope of this invention being limited only by the 
terms of the appended claims. 



Claims 



1. A transfer set for use in an automatic 
compounding device including a toad cell and a 45 
differential pressure source, said transfer set 
when in use providing selective fluid flow 
between a plurality of individual fluid source 
containers and a single receiving container, 
said transfer set comprising : 50 

(a) a measuring chamber having a lower 
portion and an upper portion, said measur- 
ing chamber adapted to be suspended 
-from said load cell; 

(b) a single fluid outlet conduit attached 55 
to said lower portion of said measuring 
chamber, said single fluid outlet conduit 
providing selective fluid communication 
between said measuring chamber and said 
single receiving container; 60 

(c) a manifold secured to said upper 
portion of said measuring chamber, said 
manifold having a plurality of conn ctor 
conduits projecting therefrom and provid- 
ing fluid c mmunication therethrough; 65 



(d) a plurality of individual fluid inlet 
conduits, each conduit having a first end, a 
second end, and a soft occlusion portion, 
said second end of each individual fluid 
inlet conduits being attached to one of said 
plurality of connector conduits of ach 
manifold; 

(e) a plurality of individual spikes being 
secur d to said first end of said fluid inlet 
conduits, said spikes when in use provid- 
ing fluid communication between said 
individual fluid source containers and said 
fluid Inlet conduits; and 

(f) a pressure conduit having a first end 
and a second end, said first end being 
secured to one of said connector conduits 
providing from said manifold, said second 
end adapted to be attached to said 
differential pressure source of said auto- 
matic compounding device. 



3. The transfer set recited in Claim 2 further 
comprising means for providing a fluid-tight 
seal between said manifold and said upper 
portion of said measuring chamber. 

4. The transfer set recited in Claim 3 wherein 
said fluid-tight sealing means comprises an 
O-ring. 

5. The transfer set recited in any preceding 
claim further comprising a tray having a mount- 
ing elbow with a plurality of parallel grooves 
therein, said plurality of individual fluid inlet 
conduits passing through said grooves in 
spaced upwardly-directed relationship, 
whereby in use mechanical stress effects on 
said measuring chamber and said load cell ar 
significantly reduced. 

6. The transfer set recited in Claim 5 wherein 
said tray further includes a window, said soft 
occlusion portion of said individual fluid inlet 
conduits being within said window. 

7. The transfer set recited in any preceding 
claim wherein said plurality of individual fluid 
inlet conduits comprise tubing made from a 
thermoplastic material. 

8. The transfer set recited in Claim 7 wherein 
said thermoplastic material is selected from the 
group consisting of polyvinyl chloride and 
polyethylene. 

9. The transfer set recited in any preceding 
claim wherein said first end of said individual 
fluid inlet conduits is color-coded. 

10. The transfer set recited in any preceding 
claim wherein said spikes are vented. 
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from selected source containers into the chamber (18) and fluid 
flow from the chamber-through to outlet tube. 
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